The addition of milk to tea has been shown to prevent the vascular protective effects of the tea. Thus we had an interest in evaluating the possible binding of compounds in extracts of black tea, Camellia sinensis (L.) O. Kunze, and nettle, Urtica dioica L, to β-lactoglobulin (βLG), which is the main proteinaceous component of whey. Since our previously miniaturised 96-well plate method based on fluorescence quenching is suitable only for pure compounds, we have developed a method of ultrafiltration sampling combined with HPLC to study the βLG-binding property of the extracts. The method development was made with extract of Piper nigrum L. (black pepper), because its major component is piperine, which has been earlier shown to bind to βLG. The results showed that piperine from P. nigrum was highly and rutin from U. dioica slightly bound to βLG. No components from C. sinensis were bound to βLG. We showed for the first time, that the ultrafiltration/HPLC system can be used in βLG-binding studies with plant extracts. Furthermore, we demonstrated that βLG could bind compounds from extracts and in this way either enhance, or decrease, their health benefits, for example in food preparations. : β-lactoglobulin, piperine, rutin, tea, extract, HPLC, ultrafiltration, binding Tea is the major source of flavonoids in Western diet [1] . Flavonoids have been proved to bind to proteins like albumin and those in milk [2, 3] . The addition of milk to tea has been considered to interact with the intake of flavonoids from tea [2] . Lorenz et al. [4] have also shown that addition of milk prevents the vascular protective effects of the tea. Bovine β-lactoglobulin (βLG) is an important dietary protein capable of binding different nutritional components [5] . Thus we were interested in evaluating the possible binding of components in tea extracts to bovine βLG, which belongs to the lipocalin protein family and is the main whey protein in bovine milk [6] . The physiological function of βLG is not known, but it could bind hydrophopic ligands like retinol and fatty acids into the central cavity [7] [8] [9] [10] . The retinol binding site in the central cavity has been proved with crystallographic studies [11, 12] . The central cavity consists of an anti-parallel β-barrel [13, 14] . The molecular weight of the monomer is 18 kDa, but βLG usually exists as a dimer. Also, other binding sites might be possible, for example one between the α-helix and ß-strand and an external one [e.g. 15-17] In this study the binding of compounds in tea extracts from Camellia sinensis (L.) O. Kunze (black tea) and Urtica dioica L. (nettle) was studied. Since our previously miniaturised fluorescence based method [10] for βLG binding is suitable only for pure compounds, we developed a method of ultrafiltration sampling combined with HPLC to study the βLG-binding property of extracts. A similar method of microdialysis sampling combined with HPLC has been previously used in DNA-binding studies with Riihimäki & Vuorela extracts of Chinese medicines [18] . The combination of ultrafiltration/HPLC has been used in the determination of human plasma protein binding of baicalin [19] . Ultrafiltration has also been used in βLG-binding studies with peptides [20] and pure compounds [21] . The ultrafiltration/HPLC method development was made with an extract from Piper nigrum (black pepper). Piperine, the main component of P. nigrum, has been proved by circular dichroism spectroscopy to bind to βLG [22] .
Tea is the major source of flavonoids in Western diet [1] . Flavonoids have been proved to bind to proteins like albumin and those in milk [2, 3] . The addition of milk to tea has been considered to interact with the intake of flavonoids from tea [2] . Lorenz et al. [4] have also shown that addition of milk prevents the vascular protective effects of the tea. Bovine β-lactoglobulin (βLG) is an important dietary protein capable of binding different nutritional components [5] . Thus we were interested in evaluating the possible binding of components in tea extracts to bovine βLG, which belongs to the lipocalin protein family and is the main whey protein in bovine milk [6] . The physiological function of βLG is not known, but it could bind hydrophopic ligands like retinol and fatty acids into the central cavity [7] [8] [9] [10] . The retinol binding site in the central cavity has been proved with crystallographic studies [11, 12] . The central cavity consists of an anti-parallel β-barrel [13, 14] . The molecular weight of the monomer is 18 kDa, but βLG usually exists as a dimer. Also, other binding sites might be possible, for example one between the α-helix and ß-strand and an external one [e.g. [15] [16] [17] In this study the binding of compounds in tea extracts from Camellia sinensis (L.) O. Kunze (black tea) and Urtica dioica L. (nettle) was studied. Since our previously miniaturised fluorescence based method [10] for βLG binding is suitable only for pure compounds, we developed a method of ultrafiltration sampling combined with HPLC to study the βLG-binding property of extracts. A similar method of microdialysis sampling combined with HPLC has been previously used in DNA-binding studies with [18] . The combination of ultrafiltration/HPLC has been used in the determination of human plasma protein binding of baicalin [19] . Ultrafiltration has also been used in βLG-binding studies with peptides [20] and pure compounds [21] . The ultrafiltration/HPLC method development was made with an extract from Piper nigrum (black pepper). Piperine, the main component of P. nigrum, has been proved by circular dichroism spectroscopy to bind to βLG [22] .
NPC Natural Product Communications
P. nigrum has been used in folk medicines as an antipyretic and anti-inflammatory drug [23] . Piperine promotes melanocyte proliferation [24] and it has been shown that the compound contributes to cellular defence against cisplatin-induced apoptosis [25] . First in our studies, the binding of piperine to βLG was shown with an ultrafiltration/HPLC system by comparing chromatograms before and after filtration. To optimize the method, the standard curve and recovery of piperine were determined. The standard curve was linear in the range 1.56 -150.7 µM (R 2 =0.997). The recovery of piperine was 82%. The binding of piperine was also confirmed with our miniaturized fluorescence based method [10] . Next, the chromatograms of the P. nigrum extract before and after filtration were compared and it was shown that piperine was highly bound to βLG.
The main constituents of C. sinensis leaves are catechin, epicatechin, epigallocatechin, epicatechin gallate, epigallocatechin gallate and quercetin [e.g. 2, 26] . Black tea has been reported to reduce the risk of cardiovascular diseases and prevent cancer development [e.g. 27, 28] . It can also improve, for example, gastrointestinal function, protect skin and eyes, diabetes and dental caries [e.g. 27, 28] . In our experiments, no compound from the extract of C. sinensis was detected binding to βLG. Also our βLG-natural products binding studies with fluorescence quenching supported these results, because none of our studied catechins bound to βLG (unpublished data). Serafini et al. [29] have shown that dark chocolate, which contains (-) epicatechin, increases both the total antioxidant capacity and the (-) epicatechin content of blood plasma. However, when the chocolate was consumed with milk, their findings indicate that milk may interfere with the absorption of the antioxidants from the chocolate. Schroeter et al. [30] studied also the effect of milk in cocoa products, but they did not find any effects on plasma antioxidant capacity. According to our results, βLG in bovine milk did not bind any compound from the extract of C. sinensis and thus did not interfere with black tea's healthy effects.
U. dioica is often used as a tea preparation in folk medicine for hypertension, diabetes, pain, cancer, and also as an antioxidant [31] [32] [33] . The plant contains flavonols, like rutin and isoquercetin, and flavonol glycosides [32, 34] . Flavonols have been reported to prevent cancer, osteoporosis and cardiovascular diseases, as well as being significant antioxidants [35] [36] [37] . When the chromatograms of extracts from U. dioica were compared, it was found that rutin was slightly bound to βLG. Rutin was identified from literature information [34, 38] , and chromatographically by spiked samples. The binding of pure rutin was also confirmed with the ultrafiltration/HPLC system and in binding studies with fluorescence quenching.
The results showed that this ultrafiltration/HPLC system can be used in βLG-binding studies with natural products, like plant extracts. This was the first time that this method had been used in protein-extract binding studies. Furthermore, we demonstrated that βLG could bind compounds from the extracts and in this way enhance, or decrease, their health benefits, for example in herbal teas and food preparations
Experimental
Piperine 97% and β-lactoglobulin (product L0130, 3× crystallized and lyophilized) were purchased from Sigma-Aldrich (Steinheim, Germany). Rutin was purchased from Merck (Darmstadt, Germany). Piperine and rutin were dissolved in dimethyl sulfoxide (DMSO) and the solutions were further dissolved in PBS, pH 7. The final concentration of DMSO was below 6.6% (v/v) and did not affect the binding. Acetonitrile and methanol were HPLC grade and purchased from Rathburn (Walkerburn, Scotland). Distilled water was purified via a Millipore Milli-Q filtration device (Schwalbach, Germany).
The powdered Piper nigrum (black pepper) was from SantaMaria (Mölndal, Sweden). To 5 mg powdered P. nigrum, 10 mL ethanol 75% (V/V) was added. The sample was sonicated for 10 min and centrifuged for 2 x 10 min (3900 g). The supernatant was filtered through 0.2 µm filter and 1. Finland. A voucher specimen is deposited at the Division of Pharmaceutical Biology, Faculty of Pharmacy, University of Helsinki, Finland. The plants were air dried for three weeks and stored in paper bags at room temperature. C. sinensis and crushed U. dioica leaves (each 5 g) were boiled two times with 100 mL of MilliQ water and filtered through Whatman No.1 paper (11 µm). U. dioica was also filtered through a 0.2 µm filter. The filtrates were rotavaporized (waterbath ~35˚C) in a round bottom flask and the concentrated extract was lyophilized for 2 days.
The βLG-binding studies were made using Microcon ultrafiltration tubes [YM-30 (Millipore Corp., Bedford, MA, USA)] to separate the bound and unbound compounds in the samples. βLG and either extract or ligand (400 µL) was incubated for two h at room temperature. The solution was centrifuged at 16,000 g for 12 min (except P. nigrum, which was centrifuged for 3 × 12 min) after the incubation. The concentration of βLG in PBS at pH 7 was 50 µM (~ 0.9 mg/mL). The concentrations of the extracts of C. sinensis and U. dioica were 2.25 and 2.5 mg/mL, respectively (dissolved in PBS), and that of piperine and rutin was 100 µM. 400 µL βLG/P. nigrum solution contained 53.2 µL of extract of P. nigrum (1:10). The blank samples (no βLG) were treated and analyzed identically. Biofingerprinting chromatogram analysis was used to analyze the ultrafiltration samples before and after filtration. The analyses were made with a D-7000 HPLC system (LaChrom, Merck, Hitachi, Japan) consisting of a L-7100 pump, L-7455 diode array detector, L-7300 column oven, L-7200 autosampler, L-7612 solvent degasser and HSM-Sys1 chromatographic workstation. The HPLC column was a Gemini 5 µm C18 110Å, size 150 × 4.60 mm, purchased from Phenomenex (Torrance, CA, USA). The solvents used were methanol and water for both C. sinensis and U. dioica. Acetonitrile and water were used with the P. nigrum samples. The gradient profile in all cases was 5-95% in 30 min for C. sinensis and U. dioica, and 22 min for P. nigrum. The flow rate was set to 0.8 mL/min, and the column oven was at 30°C. Representative HPLC chromatograms were recorded at 265, 270 and 340 nm according to UV-vis spectra of the extracts. The confirmation of binding of piperine and rutin to βLG were made using the miniaturised fluorescence based method of Riihimäki et al. [10] .
